Background: Dysphagia is a known risk factor for malnutrition and pneumonia. Although sarcopenia is hypothesized to cause dysphagia, its causality remains unclear. Thus, this study aimed to investigate causality and the risk factors for sarcopenic dysphagia. Methods: We enrolled 95 hospitalized patients aged 65 years or older who had restricted oral intake without dysphagia. The skeletal muscle index and Functional Oral Intake Scale were used to evaluate muscle mass and swallowing ability, respectively. Nutritional status, assessed by body mass index, the Mini Nutritional Assessment-Short Form, and energy intake; activity of daily living, assessed by the Barthel Index; hand-grip strength; duration of oral intake restriction; and cognitive status were measured. Dysphagia (Functional Oral Intake Scale ≤ 5) was determined after 2 months. Results: The participants' mean age was 83.2 ± 8.0 years; 63% were women. Of the surviving 82 patients, 63 (77%) had sarcopenia and 21 (26%) developed dysphagia, all of whom had sarcopenia (p = .002). Most variables were risk factors for dysphagia on univariate analysis. Decreased skeletal muscle index (odds ratio [OR] 24.0, 95% confidence interval [CI] 3.6-159.0, p = .001), Barthel Index (OR 12.9, 95% CI 2.1-78.4, p = .005), and body mass index (OR 11.4, 95% CI 1.8-70.5, p = .009) were independent predictors of dysphagia in the multivariate analysis. Conclusion: This study provides evidence for sarcopenic dysphagia and its risk factors. Preventive and therapeutic interventions require further study.
Dysphagia is the clinical symptom of swallowing dysfunction. It can lead to malnutrition, pneumonia, and reduced quality of life if left untreated (1) and is prevalent in older adults with a variety of clinical conditions. Reportedly, 29-47%, 38-51%, and 11-34% of hospitalized, institutionalized, and independently living older adults, respectively, have dysphagia, as do 55%-92% of patients with pneumonia, 25%-81% with stroke, 35%-82% with Parkinson's disease, and 19%-84% with dementia (2) . The etiology of swallowing dysfunction varies widely and includes impairments of the central nervous system, such as the cortex, basal nucleus, or brain stem; efferent/afferent peripheral nerves (motor and sensory); or muscle function (2) .
Sarcopenia is a syndrome of progressive and generalized loss of muscle mass and strength, which is drawing attention because of its association with poor outcomes in older adults (3) . Recently, a new concept of dysphagia due to sarcopenia has been proposed, called sarcopenic dysphagia (2, (4) (5) (6) . This concept is reasonable considering that a generalized decline of muscle mass and strength can coincide with weakening of the muscles related to swallowing. However, associations between decreased muscle mass and dysphagia (4) or strength and dysphagia (5,7) have mainly been investigated in crosssectional studies; there are currently few prospective studies investigating this association. Therefore, the causality between sarcopenia and dysphagia has not clearly been identified. Furthermore, we proposed in a previous report that sarcopenic dysphagia is caused by decreased mobility, inadequate nutritional management, and restricted oral intake (8) . Moreover, low physical activity, poor nutrition, and being nil per os have been reported as predictive factors for dysphagia in patients with pneumonia (9) (10) (11) .
With this in mind, the aim of the present study was not only to confirm sarcopenic dysphagia but also to determine its risk factors. This study included hospitalized patients with restricted oral intake, because we presumed that nil per os would be a risk factor for sarcopenic dysphagia.
Methods

Design and Participants
A single-center, prospective observational study was conducted in our 150-bed hospital, which provides local and acute health care in a city with a population of approximately 100,000, including 30.7% older adults aged 65 or older. The study started in May 2015 and enrollment ended in March 2016. Newly admitted patients, aged 65 or older, without dysphagia prior to admission, without acute stroke, and who had been prohibited an oral intake of food for 48 hours after admission, were eligible to enroll in the study. Those who did not provide consent to participate or who had any metallic implants in the body were excluded. The observation period was 60 days from admission. Patients who died during the period were also excluded from the analysis.
Informed consent was obtained from all patients or their legal guardians, and the study was approved by the ethics committee of our hospital and registered in the UMIN Clinical Trials Registry (ID: UMIN000017289).
Measurements
The participants' characteristics, including age, sex, and Charlson's comorbidity index (12) , were collected from their medical records. The body mass index (body weight [kg] divided by height [m] squared) and the Mini Nutritional Assessment Short Form (MNA-SF) (13) were used as parameters of nutritional status, the Mini-Mental State Examination (MMSE) (14) as a parameter of cognitive function, and the Barthel Index (BI) (15) as a measure of physical activity. Skeletal muscle mass and hand-grip strength were also examined at the time of enrollment. MNA-SF is a validated nutritional screening scale and includes an ordinal scale ranging from 0 to 14. Scores of 0-7, 8-11, and 12-14 indicate malnutrition, risk of malnutrition, and normal nutritional status, respectively. The MMSE represents global cognitive function, ranging from 0 (most severe) to 30 (normal). The BI is an indicator of activities of daily living and includes ordinal values ranging from 0 (dependent) to 100 (independent) with 5-points scales. We recorded the premorbid BI by interviewing the patients or guardians. The skeletal muscle mass was evaluated by the skeletal muscle index (SMI), which was calculated as appendicular muscle mass divided by height squared (3). Appendicular muscle mass was obtained from bioelectrical impedance analysis (BIA) measurements (Inbody S10, Inbody Japan, Tokyo, Japan), which measures body composition. The measurements were performed in the supine position and according to the manufacturer's instructions. Hand-grip strength was assessed using a hand-grip test instrument with a Smedley dynamometer (TTM, Tokyo, Japan) and was measured in kilograms with a 0.1-kg resolution. The patients were examined in a standing or sitting position, depending on their ability, and the higher of the two measurements was used in the analysis.
The incidence of invalid hand-grip strength due to severe cognitive impairment was also recorded. Sarcopenia was diagnosed according to the presence of decreased SMI, adapted for Asian cutoff values (16) , along with decreased hand-grip strength adapted for Asian cutoff values (16) , and/or dependent activities of daily living (BI < 100). Walking speed could not be measured, because most participants were not independent. Data regarding the number of nil per os days and total energy intake from oral and parenteral nutrition on the seventh day of hospitalization were obtained from the medical charts after the observational period ended.
Assessment of Swallowing Ability
Swallowing ability was assessed using the Functional Oral Intake Scale (FOIS) (17) , which focuses on how the daily diet is consumed and what it comprises. The FOIS includes an observer-rated ordinal scale, which ranges from 1 (worst) to 7 (normal). Individuals judged as levels 7 and 6 consume normal meals or consume meals without specific preparation requirements but with specific food limitations, respectively. In the present study, we considered that FOIS levels 7 and 6 did not represent dysphagia, as the average score of the Mann Assessment of Swallowing Ability in FOIS level 6 is reportedly 172 points, which is above the cutoff value for aspiration (17) . Therefore, patients with FOIS levels of 7 and 6 in daily life prior to admission were defined as participants without dysphagia. Conversely, patients with a FOIS level ≤5 were considered to have dysphagia. The premorbid FOIS was assessed through elaborative interviews with the patients or guardians by dietitians or trained nurses, and the FOIS at the end of the follow-up period was assessed through observation when the patients were still hospitalized or through telephone interviews by a dietitian or physician when the patients had been discharged from the hospital. The follow-up period of the study was 60 days. In order to reduce bias, the dietitian and physician who assessed the outcomes at the end of the follow-up were independent from those involved in the clinical decision-making for the treatment and care of the patients.
Sample Size Calculation
Data from our previous study (11) were extracted to determine the sample size. In our previous study, 18.9% of pneumonia patients with restricted oral intake for ≥2 days developed dysphagia. Based on these data, we presumed that, in the current study, participants at high risk of dysphagia would be twice (37.8%) as likely to develop dysphagia, whereas those at low risk would be half (9.45%) as likely. Accordingly, we would need to study at least 84 participants to reject the null hypothesis with a power of 0.8 and alpha of 0.05. Assuming a 10% loss to follow-up, we therefore aimed to enroll 98 participants.
Statistical Analysis
Quantitative variables are expressed as the mean ± SD (parametric) and median [interquartile range] (nonparametric). Differences between groups were analyzed using the Welch's t test (parametric) or Mann-Whitney U test (nonparametric), as appropriate. Categorical data are expressed as the frequency (percentage), and differences were analyzed using Fisher's exact test (when including any expected value ≤5) or the chi-square test (others). Receiver operating characteristic (ROC) curve and area under the curve analyses were performed to determine the optimal cutoff values, accuracy, and predictive values of the examined parameters. Multivariate logistic regression analysis with forward selection was performed to identify independent predictors of 60-day dysphagia among variables that revealed significant differences between the nondysphagia and dysphagia outcome groups using the identified cutoff values. All statistical analyses were performed using SPSS version 21 (IBM Japan, Tokyo, Japan), and p less than .05 was considered statistically significant.
Results
A total of 102 patients met the inclusion criteria and were further examined for eligibility. Of these, four were excluded due to no consent provided for enrollment (n = 2) or not being able to undergo BIA measurements due to metal implants (n = 2). Therefore, 98 patients were enrolled in the study. However, three patients were excluded because of erroneous values in the BIA measurements; hence, the final sample included 95 patients. The background characteristics of the 95 participants are summarized in Table 1 . The mean age was 83.2 ± 8.0 years, and 63% was women. Gastrointestinal tract disease (n = 28, 30%) and respiratory infection (n = 22, 23%) were the most frequent reasons for admission. ). We were unable to measure the hand-grip strength in 18 patients due to their severe cognitive impairment. The median MMSE was 14, indicating that numerous patients had cognitive impairment.
During the initial observation period, 13 patients died in hospital. Therefore, we could only analyze data of the remaining 82 patients. Of these, 21 patients were considered to have dysphagia 60 days after admission. Sarcopenia was diagnosed in 63 (77%) patients. All patients who developed dysphagia were diagnosed with sarcopenia (p = .002). Table 2 shows the results of the comparisons between the 60-day outcome groups for variables obtained at enrollment or during observation. All variables, except for age, sex, and Charlson's comorbidity index, were significantly worse in the dysphagia group than in the nondysphagia group. Table 3 shows the results of the ROC curve analyses for dysphagia 60 days after admission. Variables with significant differences between the groups also revealed significantly high AUC values. Therefore, we were able to estimate the cutoff values for each variable. The most accurate cutoff values were for SMI in women (cutoff value: <4.15 kg/m 2 ; sensitivity 0.929, specificity 0.865, accuracy 0.882) and hand-grip strength in women (cutoff value: <4.1 kg; sensitivity 0.889, specificity 0.853, accuracy 0.884). Other variables with relatively high accuracy were BI (cutoff value: 50/55; sensitivity 0.810, specificity 0.787, accuracy 0.793), invalid measurement of hand-grip strength (sensitivity 0.381, specificity 0.934, accuracy 0.793), and MMSE (cutoff value: 13/14; sensitivity 0.857, specificity 0.721, accuracy 0.756).
Finally, we performed multivariate logistic regression analysis to confirm which variables, after adapting the cutoff values, were independent predictors of the outcome. SMI (adjusted odds ratio [AOR] 24.0, 95% confidence interval [CI] 3.6-159.0, p = .001), BI (AOR 13.0, 95% CI 2.1-78.4, p = .005), and body mass index (AOR 11.4, 95% CI 1.8-70.5, p = .009) were found to be significant independent predictors of dysphagia.
Discussion
We conducted a prospective observational study of older adults, who did not have dysphagia but did have restricted oral intake on admission to hospital, in order to determine whether dysphagia 60 days after admission could be caused by sarcopenia. The study revealed two important conclusions regarding evidence for sarcopenic dysphagia. First, decreased skeletal muscle mass is a potential risk factor for dysphagia. Second, not only muscle mass but also sarcopeniarelated factors, such as nutrition, cognition, and activity (physical and swallowing), might be considered as predictive factors for dysphagia. Considering these points and the finding that all patients developing dysphagia were sarcopenic, the observed dysphagia in the study was defined as sarcopenic dysphagia.
Decreased SMI was the strongest potential predictor of dysphagia 2 months after admission to the hospital in patients with restricted oral intake for at least 2 days after admission. Previous cross-sectional studies have shown some associations between muscle mass and dysphagia. Kuroda and Kuroda reported in their cross-sectional study that arm circumference, reflecting muscle mass, was associated with dysphagia, as determined by the water swallowing test (4) . Similarly, our previous study also demonstrated that decreased SMI, measured by BIA, was associated with dysphagia (5). We speculate that the reason why decreased muscle mass affects swallowing ability involves the fact that generalized loss of muscle mass is common in the swallowing muscles and that the decreased pharyngeal muscle mass consequently results in an increased pharyngeal lumen size (18) , which makes the swallowing motion difficult. Given the fact that hospitalized older patients are likely to experience further declines in muscle mass (19) , older adults with decreased SMI but without dysphagia prior to onset of acute illness might develop further decline of muscle mass upon hospitalization, and may, consequently, develop dysphagia. In the present study, the nutritional status, cognitive deterioration, and physical and swallowing activities of the patients were also predictive factors for dysphagia. The univariate and ROC curve analyses showed that poor nutritional status (determined by the MNA-SF, body mass index, and low amount of initial nutritional intake) and a decreased MMSE score were related to the prognosis of swallowing ability. Considering that sarcopenia is known to be caused by malnutrition (3) and that cognitive impairment is associated with sarcopenia (20) , these results might suggest that sarcopenic patients are more likely to develop dysphagia after developing illness. The results also showed that decreased physical daily activity (assessed by means of BI) and restricted swallowing opportunities (assessed by the number of nil per os days) were independently associated with the development of dysphagia. Loss of activity can cause sarcopenia (3), and hospital-associated deconditioning, common in older patients (21) , might further reduce physical activity and worsen preexisting sarcopenia. Therefore, advanced sarcopenia might cause dysphagia. Because restriction of oral intake is considered as deprivation of the opportunity for swallowing activity, a longer duration of oral intake restriction might be considered a cause of deconditioning of swallowing activity; restriction of oral intake might, consequently, cause dysphagia (10, 11) .
Although many therapeutic strategies for neurological dysphagia, such as dysphagia induced by stroke or Parkinson's disease, have been proposed and their effectiveness has been demonstrated, there is currently no established therapeutic strategy for sarcopenic dysphagia. It is likely that not only swallowing exercises but also physical exercises and nutritional intervention would be effective (8, 22) . A combined intervention of rehabilitation and nutritional care, known as "rehabilitation nutrition," may represent a potential treatment and prevention strategy for sarcopenic dysphagia (2,21). There are some potential limitations to this study. First, this was a prospective cohort but included only patients with at least 2 days of being nil per os, because we wanted to determine whether oral intake restriction was a predictor. Thus, we could not determine whether dysphagia in patients without oral intake restriction was sarcopenic dysphagia or not. Second, a sex difference was observed in the outcomes of the hand-grip strength test. However, considering the MMSE results, there might be a problem with the measurement quality. Third, considering that hospitalization reportedly results in weakening of muscle strength in men but not in women (19) , the sex-specific progressive decline in muscle strength may be important. Moreover, it should be noted that the association between hand-grip strength and dysphagia is controversial (5, 7, 23) . Finally, the study could not examine swallowing function, only swallowing ability. Videofluorography or videoendoscopy should be used to evaluate swallowing function.
In conclusion, based on the present study, we consider that dysphagia with no overt underlying cause subsequently developing during or after hospitalization in older adults should be diagnosed as sarcopenic dysphagia. Future studies regarding the appropriate preventive and therapeutic interventions for sarcopenic dysphagia are needed.
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